Additional index words. Cucurbita pepo, mode of inheritance, vegetable breeding Abstract. Most summer squash, Cucurbita pepo L., produce one flower bud per leaf axil, whereas some genotypes can produce two or more. The former genotypes are referred to as single-flowering, whereas the latter are referred to as multiple-flowering. The objective was to determine the mode of inheritance of multiple flowering. The zucchini 'True French', which is single-flowering, was crossed with Accession 1777, a nearly isogenic line of this cultivar, which is multiple-flowering. Parental, filial, and back-cross plants were grown in pots in the greenhouse and each of their first 15 leaf axils was scored for the number of flower buds. Nearly all F 1 plants, regardless of the direction of the cross, and plants resulting from back-crossing to 'True French' were single-flowering. Approximately one-fourth of the F 2 plants, regardless of the direction of the cross, and half of the plants of the back-cross to 1777 produced two flowers at one or more leaf axils. These results indicate that the ability to produce more than one flower per axil is conferred by a single recessive gene, herewith designated multiple flowering, symbol mf.
Summer squash plants are monoecious, producing staminate and pistillate flowers. The flowers are borne at the stem nodes, more precisely at the leaf axils, the junctions of the stem with the bases of the leaf petioles. Staminate flowers differentiate at the first leaf axils. Pistillate flowers differentiate subsequently but develop faster. Consequently, the first staminate and pistillate flowers often attain anthesis simultaneously. After pollination, the pistillate flowers develop into fruits that, under most conditions, are harvested at 2 to 5 d past anthesis (Paris and Maynard, 2008) .
The cultivar-groups of summer squash known as Cocozelle, Vegetable Marrow, and Zucchini are single-flowering, that is, one flower bud is produced per leaf axil. On the other hand, the other cultivar-groups of summer squash known as Crookneck, Scallop, and Straightneck, are multiple-flowering, that is, they can produce two, three, or even four flower buds at leaf axils. Worldwide, the former cultivar-groups are more widely distributed and exceed the latter in economic value (Paris, 1996) .
In 1996, the senior author initiated a breeding program with the goal of developing cocozelle and zucchini germplasm able to produce more than one flower per leaf axil. Subsequently, an investigation was undertaken to determine the mode of inheritance of the multiple-flowering trait. The objective of this report is to describe this investigation and its result.
Materials and Methods
A plant of Cucurbita pepo subsp. pepo Cocozelle Group 'Striato Pugliese' (Ingegnoli, Milan, Italy), which is single-flowering, was crossed with a plant from an accession of C. pepo subsp. texana Crookneck Group, which is multiple-flowering. An F 1 plant was self-pollinated and a resulting multiple-flowering F 2 plant was selected and crossed with a plant of a highly inbred line derived from the single-flowering C. pepo subsp. pepo Zucchini Group 'True French' (Thompson & Morgan, Ipswich, U.K.); an F 1 plant was then self-pollinated and a resulting multiple-flowering F 2 plant was selected and back-crossed to the 'True French' inbred to obtain first backcross generation plants. The process of backcross pedigree breeding (Allard, 1960) , using the 'True French' inbred as the recurrent parent, was continued through the sixth back-cross generation. Accession 1777, a true-breeding, multiple-flowering derivative from the sixth back-cross generation, therefore can be considered as nearly isogenic with 'True French', but, unlike that cultivar, its plants bear two flowers at some stem nodes.
Plants of Accession 1777 and 'True French' were intercrossed, and reciprocal F 1 plants were selfed and/or back-crossed. Seeds of the parents, filial, and back-cross generations were sown in flats, the inverse pyramid-shaped cells 3.5 · 3.5 cm square at the top and 6 cm deep, filled with 50% peat and 50% vermiculite v/v on 15 Feb., 25 Mar., and 3 May 2010. The flats were placed in a chamber having 14-h day length, 27 ± 2°C by day and 20 ± 2°C at night until seedling emergence (4 to 6 d), and then moved to a well-ventilated greenhouse. Six to 11 d later, the seedlings were transplanted to plastic pots filled with 6 L of a commercial potting medium containing 60% peat, 30% tuff, and 10% perlite v/v/v (Shaham, Giv'at 'Ada, Israel). Temperatures in the greenhouse were generally moderate, not lower than 8°C at night and not exceeding 32°C during the day, except in the last planting, when temperatures reached 35°C. Day length ranged from 12 h in the first planting to 15 h in the last planting. Each plant was scored for number of flower buds produced at each node from the first to the 15th. Plants having only one flower per node were scored as ''single-flowering'' and those having one or more nodes bearing two flowers were scored as ''multiple-flowering.'' Except as described later, the results obtained from the three plantings were similar enough to allow them to be pooled for presentation.
Results and Discussion
Plants of 'True French' (n = 20) were single-flowering, having produced one flower bud per leaf axil. Plants of Accession 1777 (n = 21) were multiple-flowering, having each produced at least one axil out of the first 15 that bore two flower buds (Table 1 ). The earliest axil at which two flower buds were produced was the fifth (Table 2 ). Individual plants of Accession 1777 had one to seven nodes that produced two flower buds, averaging 3.9.
With one exception, all F 1 plants (n = 40) produced only one flower per axil; one plant had one axil with two flower buds (Table 1 ). In the back-cross to 'True French', all plants (n = 60) produced one flower per axil.
In the F 2 , 34 of the 165 plants had one or more axils with two flowers (Table 1) . The earliest axil to have two flowers was the fifth and, for these 34 plants, the average number of leaf axils having two flower buds was 2.9 (Table 2 ). In the back-cross to Accession 1777, 39 of the 77 plants had one or more axils bearing two flowers. The earliest axil to have two flowers was the fourth and, for these 39 plants, the average number of leaf axils having two flower buds was 2.7.
The number of single-flowering to multiple-flowering plants did not deviate significantly from ratios of 3:1 in the F 2 and 1:1 in the back-cross to the multiple-flowering parent (Table 1) . These results would be expected if multiple flowering is conferred by a single recessive gene. This gene is hereby designated multiple flowering, symbol mf.
When two flower buds were produced at the same node, they were almost never of the same size (Fig. 1) . Sometimes two males were produced, sometimes a male with a smaller female or a female with a smaller male. The second, smaller flower at any given node often had a small leaflet adnate to its pedicel. On one occasion, it was noted that the male was larger initially, but the female overtook it, reaching anthesis ahead of it.
The production of more than one flower per axil appeared to be independent of sexuality. The secondary bud could be of the same sex as the primary bud or different (Fig. 1) and, for a given axil, the proportion of male versus female flowers among the secondary buds appeared to be no different from among the primary buds. Although there was no interdependence between these characteristics, multiple-flowering expression tended to increase at successive axils (Table 2) ; an increasing gradient has also been documented for female tendency (Kubicki, 1970; Nitsch et al., 1952; Shifriss, 1961) . Moreover, plants of Accession 1777 had an average of 4.6 and 4.3 multiple-flowering axils in the February and March seedings, respectively, but only 2.8 in the May seeding. This observation is reminiscent of results showing that femaleness, too, is decreased by high temperatures, low moisture availability, and long days (Nitsch et al., 1952; Robinson and Decker-Walters, 1997) .
Cucurbita pepo plants often have more than one potential meristem per axil (Robinson and Decker-Walters, 1997) . One can develop into a flower bud, another into a shoot, another into a tendril, and another into an adventitious root. The development or lack of development of these meristem initials is dependent on the macro-and microenvironment and genetic factors. For example, roots usually will not develop unless the particular stem node involved rests on moist ground. Tendrils develop on vine, bu/bu, but not bush, Bu/-, plants. The amount of branching is an inherited trait, with some genotypes such as 'True French' being non-branching. It is not known whether the multiple-flowering trait is based on the production of more initials or the redirection of existing initials, be they for branch, tendril, or root, to flower bud initiation. 
